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Aortic Valve Repair and Reconstruction 
Carlos M.G. Duran 
Reconstructive surgery of the aortic valve has received 
wnsitlerahly less attention than the repair of the 
atriovrntricdar valves. With the exception of the ste- 
notic. lesions in the very young and regurgitation second- 
ary to septa1 defects, most surgeons treat all aortic valve 
lesions with a replacement. This attitude is justified by 
the immediate satisfactory results of the available 
prosthesis, whereas repair is hampered 1)y the lack of 
valve tissue availahle and the very precise geometry 
required to achieve competence. More recently, the 
suwessful and universally accepted repair of the atrio- 
ventricwlar valves, the awareness of the long-term 
problems inherent to all prostheses, and the significant 
progress made in myoc.ardial protection has encouraged 
a new interest in aortic reconstruction. 
Historical Background 
Conservative surgery of the aortic. valve has as long a 
history as mitral valve repair. The first aortic rommis- 
surotomy was performed I)y Tuffierl in 1913; 10 years 
before a similar successful attempt was performed in 
the mitral area.' In the 1950s, aortic commissurotomy 
and dehridement, proposed by Lewis et a17% Harken et 
a174 Lillehei et al,.5 and others, were not very successful, 
probahly hecause of patient selection and surgical 
c:onditions. Similar problems hampered the develop- 
ment of the techniques directed towards reducing aortic 
regurgitation. Before the advent of cardiopulmonary 
bypass, aortic: insufficiency was treated h y  hicuspidiza- 
tion6 and circumc:lusion.7.8 Both these techniques have 
ntly resurrected by Cosgrove et aly and 
Chauvaud et al. I(' Using cardiopulmonary hy-pass, 
Mulder et al," Hurwitt et al,I2 Cahrol et al,'" and 
Garamella et all4 reported a variety of surgical repair 
maneuvers. In 1963, RossI5 reported the first case of 
aortic: insufficiency treated with cusp enlargement with 
biological material. Although a similar approach was 
reported by several investigators,"-*' these isolated and 
inconclusive attempts remained practically forgotten 
and were soon displaced by the reliability of the new 
prosthesis. The availability of glutaraldehyde-treated 
xenogeneic: pericardium encouraged Yacouh et aP1 and 
Batista et .122.2:% to use it for cusp extension. More 
recently, the positive in vitroZ4 and clinical'5 results 
reported with autologous pericardium treated with 
glutaraltlehyde for a few minutes in mitral leaflet 
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1 Anatomy of the aortic. valve. The left ventricle, outflow trart, and asrending aorta have been 
opened through the rommissure between right and left coronary leaflets. (Reprinted from Ref. 46, p. 584 
by courtesy of Marre1 Dekker, Inc.) 
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influence that surgical terhnique has in, not only the 
immediate results, hut, more importantly, in the long- 
term results of these techniques. Poor geometry leads to 
defective hemodynamics and stress distrihution that 
will necessarily result in progressive fibrosis and even- 
tual calcification. This principle, amply shown with the 
different long-term durahility of the different hiopros- 
thesis, is just as relevant in valve repair and reconstruc- 
tion. In fact, it is possible that the superior results 
obtained today with autologous pericardium treated 
with glutaraldehyde, as (:ompared with the earlier 
experience with fresh tissue, might well be caused l ~ y  
better surgical technique secondary to cardioplegia and 
the superior handling characteristics of the tissue rather 
than its chemistry. 
2 Diagram of the aortic valve complex with the dimensions 
related to tht. aortic annulus (D). (Modified and reprinted from 
Krf .  46, p. 585 h y  courtesy of Marcel Dekker, Inc.) 
Anatomical Background 
As in the case of mitral repair, careful analysis of the 
lesions encountered in the individual patient is manda- 
tory. For this reason, an appreciation of the surgical 
anatomy of the aortic valve is essential. The aortic valve 
extension en(-ouraged us to apply this technique to the must he considered as a complex structure that includes 
aortic. valve area.2h the outflow tract, annulus, leaflets, and sinuses of 
This historical review highlights several points that, Valsalva (Fig 1). The annulus, which is scalloped, 
in our opinion, are very relevant to aortic valve corresponds to the insertion of the three cusps and is 
rt~onstruction. First, the fact that all surgical maneu- anchored to the fibrous skeleton of the heart. The three 
vers proposed today have been used intermittently for leaflets, or  semilunar cusps, are of different sizes and 
the past 40 years casts some doubts in the mind of the are inserted into the annulus b y  following an elliptical 
surgeons on the validity of these techniques. Secondly, line. Their free edges present a contact area, or lunulae, 
although these techniques were probably used by more which is thickened at their center (nodules of Arantius) 
surgeons than those who dared to report poor results, and is peripherally very thin at the level of the commis- 
the total number of patients was very small and, sures that are inserted into a thickening of the aortic 
therefore, it was difficult for the individual surgeon to wall. Corresponding with each cusp, the aorta hulges 
acquire the necessary degree of technical expertise. The into three sinuses of Valsalva. The lower limit of each 
altsencr of proper myocardial protection must have sinus corresponds with the line of insertion of each 
c*onipoiin(led the problem. Thirdly, the relevance and leaflet, and its upper limit is clearly delineated b y  a 
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3 Diagram of aortic. valve lesions and 
rorrrsponding repair technic1ue.s. Aortic re- 
gurgitation with normal w s p  mohility. 
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cwrved thivkrning of the aortic wall, called the supra- 
aortic ridge or crest, that currently is also termed 
sinotuhular junrtion. The actual relative dimensions of 
each part of the aortic valve romplex are important and 
have h e n  studied extensively (Fig 2)."-"" 
The functional importan(-e of the sinuses of Valsalva 
as generators of vortiws was intuitively shown h y  
Leonardo da Vinci,:" but was ignored for a long time h y  
physiologists and, even totlay, b y  many surgeons. Bell- 
house et al'" showed in vitro that the sinuses induced 
I)owt.rful vortices that (1) facilitate valve closure; (2) 
recluc*e leaflet stress; (3) reduce the regurb.tant fraction 
from 23% to 4%; and (4) probably induce a washing 
rffert within the sinuses, redueing thromhosis. We have 
confirmed these findings in the animal model hy show- 
ing definite shortening in the valve closing time when 
the sinotul)ular junction was intermittently increased"' 
Cornrnissurotomy Free Edge Unrolling 
and the influence of the depth in the sinuses on the 
durability of the valve  leaflet^."^ Recently, we have h e n  
made particularly aware of this problem because of a 
patient who had undergone an ascending aorta replace- 
ment with a synthetic vascular tube with conservation 
of the aortic valve, hut ahsence of sinuses (David et 
al"), and who had to he reoperated on hecause of  severe 
aortic regurgitation 14 months F)~)stoOI)eratively."" 
Surgical Pathology and Repair Principles 
Aortic valve lesions have been traditionally classified as 
stenotic-, regurgitant, and mixed. This c*linically useful 
classifkation does not atltiress the problems encwun- 
tered when reconstructive surgery is c.ontemplated. A 
better grouping of pathologies should he used based on 
the mobility of the rusps lwcause it determines the type 
Cusp Shaving 
5 Diagram of aortic valve 
lesions and corresponding re- 
pair terhniques. Aortic. regurgi- 
tation with decreased cusp mo- 
l d i t y .  
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of rvpair necessary. Normal niohility is present in cases 
of aortic' regurgitation, most often hecause of annular  
dilatation and oc.casionally I)y perforations or ruptures. 
Iric*rrasecl mobility results from w s p  prolapst* caust4 
1)y elongation of the free tdge o r  sagging of the leaflet 
I)ocly. Rvstric*tetl ciisl) movement is secondary to c-omniis- 
siiral fusion a n d o r  thickening antl retraction of thv 
c w s p  (Figs 3-5). 
Svveral surgical maneuvrrs have heen tlescrihed for 
tht. treatment of each of these findings. In the case of 
annular tlilatation, two annuloplasties a re  ava i l a lh  
(Fig 3 ) :  t*nc*irc-ling sritiire of the whole aortic circunifer- 
e n w  (c.irc.uiiic*liision); ant1 plication of the aortic wall at 
each ronimissiire (romniissural plication). We (lo not 
favor circ*umc*lusion, as recvmtly reported'by Chauvaucl 
et al"' in 3S patients, because, hy ignoring the sc~~llopet l  
configuration of the aortic annulus, it tends to distort 
the sinuses. We have used commissural plication, as 
tlescrihetl by Cahrtrl et all" in 1966, for over 20 years 
with satisfactory results."' Recently, Cosgrove et al" 
have also reported its use. Increased cusp mobility (Fig 
4) vausetl h y  ~) ro lapse  can he treated b y  either resuspen- 
sion of tht. free wlge o r  triangular cusp resection. 
Chinmissural prolapse caused by aortic dissection ex- 
tending down toward the sinuses can be treated t)y 
. 3  
6 Intraopt-rativv transesoph- 
ageal long and short axis view of 
a rivwnstrurtrd aortic- valve with 
peric.artlium. Arrows point at  
the  su tu r t~  line 1)tltwet-n pericar- 
diiim and nat ive riiqbs. 
resuspension of the c*ommissures with pledgeted sutures 
that orvlude the tlissec.ted spaw.  
Retlucwi cusp mobility (Fig S), if caused I)y commis- 
sural fusion, requires c-ommissurotomy. Thickened leaf- 
lets a re  treated with unrolling or thinning of the free 
edge,"'."x which is often followed hy enhancement of the 
sinotuhular junction. The rationale for  this maneuver is 
hastvl on ou r  experimental finding that a n  increase in 
the supra-aortic ridge induces an earlier closure of the 
aortic valve, pro1)ahIy 1)ec:ause of a n  increase in the 
sinus vortices,"" which would delay further rolling of 
the free edge. In  the presenw of very severe cusp 
retraction, these maneuvers cannot I)e used. Cusp 
extension of all three cusps is performed with a single 
strip of pericarclium (Fig 6). The extension of fihrosis 
towards the hase of the cusps determines the amount of 
resection necessary, ensuring that all three cusp rem- 
nants a re  eqiial. Attempts a t  retaining the maximum 
amount of cusp tissue at  the expense of ending with 
different cusp sims introduces a cwnsitlerable technical 
diffic-ulty to the technique of cusp extension. Similarly, 
attempts a t  single c:usp extension a re  not to he recom- 
mended hec-ause of the resulting unavoidahle inequality 
in height antl thickness between each cwsp. 
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SURGICAL TECHNIQUE 
Intraoperative transesophageal 2D c:olor echocarctiogra- 
phy (TEE) is mandatory in aortic: valve repair and 
rec*onstruc:tion. It is more necessary than in mitral 
repair I)ec*ause there is not a good method for testing the 
result of repair with an open aorta. The patient is 
operated on through a standard midline sternotomy. If 
cusp extension is contemplated, the pericardium must 
I w  clissec.ted free from the loose areolar tissue present 
on its metliastinal surface hefore it is opened. Cardiopul- 
monary bypass is established through high aortic: and 
hivaval cannulations. Antegrade and retrograde car- 
dioplegia cannulae are placed together with a left vent. 
An isolating pad and iced slush are used together with a 
thermistor needle inserted into the interventricular 
septum. The patient is placed on normothermit: cardio- 
pulmonary bypass and the aorta is cross-clamped 
immediately to avoid left ventricular distention. A 
transverse aortotomy at least 1 cm ahove the aortic 
commissures is performed, curved down toward the 
noncoronary sinus, and stopped about 5 mm from the 
insertion of thv noncoronary cusp. The myocardial 
trmperature is continuously monitored and, if above 
1O"C, retrograde cardioplegia is again perfused. If there 
is involvement of other valves, they should be exposed, 
and, in the (vase of the mitral valve, treated appropri- 
ately hefore the aortic: valve. The aortic: valve is then 
inspected and the indivictual lesions are evaluated. 
Once the appropriate technique has been applied, the 
aortotomy is closed. Closure is achieved with two single 
over-and-over continuous 4/0 polypropylene sutures 
started at both extremities of the aortotomy and tied 
anteriorly while suction on the left vent is interrupted 
temporarily. Because of the lack of a rigid structure in 
the aortic area, closure of the aortotomy is easy. 
However, in older patients with a poor aorta, the initial 
sutures should be buttressed with pledgets and, in some 
cases, a ciouble-running suture might be needed. Once 
tied, suction is again applied to the left vent and to the 
aortic root followed by unclamping of the aorta. The 
efficacy of the repair is then tested 1)y measuring the 
percentage of return through the left vent against the 
arterial pump output. Percentages under 10% are 
accepted. Once off bypass, TEE study is the gold 
standard to determine the suc of the procedure. In 
our earlier stages of this surgery, we found it very 
instructive to use the optics of a cystoscope to ohserve 
the repaired valve before undamping the aorta while 
the root was pressurized with clear cardioplegia.:"' 
7 Aortic. valve cwmmissurotomy. Any degree of 
cwnimissural fusion must lie treated to increase 
cusp moliility. Each cusp adjacent to the fused 
wmmissurc is held with forreps (one by the 
surgeon and the other by the assistant). The cusps 
are moved away from the fused commissure hy 
pulling them toward the center o f  the aorta while 
keeping an  angle of 45" tmtwtlen them. 
The ol>jective of this maneuver is to clearly 
show the area of fusion and the direction of the 
incision, which is performed with slow see-saw 
movements of the scalpel. As the incision 
progresses, the angle between cusps is increased to 
present to the scalpel a d e a r  line for further 
incision. This incision should be prolonged into 
the thick collagenous commissural area of the 
aortic wall. 
Commissurotomy is a delicate maneuver be- 
cause, in some cases, in spite of thick leaflets, the 
c-ommissural tissue is very thin. In  others, it may 
lw very thick and it may possibly be the only 
calcified area of the entire aortic. valve. Often, the 
fibrosis extends downward toward the left ven- 
trirle. In h t h  cases, the incision should pass 
through the middle of the commissure, cutting 
through the fibrous or calcific tissue. Once split and while always holding securely the cusp with the sc-alpel, the commissural 
area of the cusp is thinned out. It is surprising how much mobility can be achieved. These maneuvers a re  repeated at each 
1-ommissu re. (Reprinted with permission ?) 
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8 Free-edge unfolding. The ohject of this maneuver is not to increase thc. 
length of the free edge, Init to unfold it to increase the height of the cusp. This 
pathology is freqiiently seen in the young rheumatic patient, in which 
different degrees of ohvious rolling inward of the free edge is seen. 
The free edge is held securely with two for(-eps (one by the surgeon, the 
other Iiy the assistant) placed on either side of its center or, if' rwognizalde, 
on the nodule of Arantius. With a scalpel, small longitudinal incisions are 
made at 2 to 3 mm from and parallel to the free edge. By fairly strong tracstion 
rreated by the foweps, the free edge unfolds and strtxtrhes. Given the amount 
of forre that has to he applied, it is advisal)lr for the surgeon to hold tioth 
for(-elis at  this stage, using one to steady the leaflet and the other to unfold it. 
Repetition of this maneuver along the free edge iisually succeetls in enlarging 
it Iiy 2 to 3 mm. This maneuver is not uniformly siiccessfiil for the three 
cusps. (Reprinted with permission. {i) 
9 Cusp free edge shaving. In alder 
patients, prohat)ly 1)ecause the free- 
edge rolling has c:ompletely fihrnsed, 
a fibrotic* ba r  runs along the entire 
free edge while the rest of the cusps 
a re  quite thin. This bar severely 
restricts mohility in spite of little, if 
any, associated commissural fusion. 
The maxinium thirkrning tends to be 
in the ccmtral portion, thinning out 
as it approarhes the commissures. It 
is treated h y  shaving this fihrous bar 
from the ventricdar aspect of the 
free edge. Each c:usp is held with two 
forrcps while the har is resected with 
the scalpel, cutting down along the 
vent r icdar  aspert of the c'iisp. Mobil- 
ity is surprisingly inrreased. (Re- 
printed with permission."') 
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tmtiancenient. This ma- 
neuver is associated with 
frtv-tdge unrolling to in- 
(’rcast’ the vortices within 
tho sitirises of  Valsalva. 
This is done  I )y  placing 
sutures along the sinotu- 
I d a r  jiincbtion. Tho jiinr- 
tion mis t  first Iw idtwti- 
f i t d ;  this is easiest for the 
left coronary sinus he- 
r a i i s i ~  it is less interfered 
by the aortotomy. The SII- 
pra-aortic. curest rims in a 
cwrved ripward fashion 
from iwnimissiire to coni- 
missrirt-, delineating the 
iippv- limit of eavh sinus 
of Valsalva. 
Once the left wronary  
sinus crest is identified, 
two 4/0 o r  5/0 pledgeted 
polvi)ropyltwe ‘“U” su- 
tiires are pirsstd from be- 
low to ahovt. the carest (ie, 
from the sinus to the 
aorta). Once tivd over an- 
other pledget, the supra- 
aortic crest hecomcs more prominrnt. The sutures should he about 3 mm wide. Usually, no more than two per crest a re  
newssary. Similar siitiires a re  then passed through the right coronary (*rest, antl finally, on either side of the aortotomy in the 
noncwronary sinus. This is a very simple maneuver that should not take more than a few minutes. 
1 1 Aortic- valve annuloplasty. The aim of this annulo- 
plasty is to decrease the aortic circ*umfrrrnce by selec*tively 
reducing the commissural area. A dout)le-armed 4/0 to S/0 
pleclgetetl pdypropylrne suture is passed throngh the aortic 
wall of the sinus at  about 2 to 3 nini from the leaflet hasv and 
at  3 to 4 nim from the top o f t h e  cwnimissurv and is hrought 
out antl Iiack through thc aortic wall of the next sinus at  an  
equivalent distance from the ad jawnt  (*lisp and thc. to!) of the 
commissurr. The o thr r  arni is passed a few inillinietrrs down 
the sinus, and again, 2 to 3 mm from the Irafltkt h e .  Once 
tied, thr aortic- wall is plirated, clisplac.ing medially the 
commissurr without interference with the movements of the 
leaflets. This niancuvrr is repeated at  tach c-ommissure. The 
degree of plication resulting from this annuloplasty tlt.pnds 
on how far down from the top of the commissure the “U” 
sutures have Ileen placwi. We have no experience with the 
circling annuloplasty. (Reprinted with perniiwion. j7) 
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12 Patch closure of cusp perforation. Single, discrete 
i ~ u s p  erforations can be patched with pericardiuni. Coninieri- 
(*ally availal)le gliitaraltlrtiyde-treate(1 hovine peric*ardium 
can hr used; however, it is consiclerahly thicker than the 
normal leaflet tissue and will eventually calcify. We prefer to 
I I W  arctolognus prricardium, hut treated with glutaraldehyde 
to avoid retraction. Suturing of the patrh to the edges of thv 
perforation should lie performed with interrupted 5/0 to 6/0 
polypropylene sutures. Kunning sutures tend to pursestring 
and distort the Iraflet. (Reprinted with permission.Ji) 
13 cusp resuspension. Unless very prominent, it is often 
very difficult to estahlish the degree of cusp prolapse present 
in a particular cnsp. A simple maneuver is to join all three 
nodulus of Arantius with a single temporary suture. To avoid 
twisting and rolling of the free edge, this suture should be 
passed horizontally, twice through each cusp. A 5/0 suture is 
started from the sinus aspect of the first nodule through to its 
ventricular aspwt  and into the next cusp's ventricular 
aspect; it is then passed through to its sinus surface, out again 
into its ventricwlar surface, similarly through the third cusp, 
and finally from the ventricular aspect of the first cusp into 
its sinus aspect. This suture, which brings together the three 
nodrtli without distortion, is held with a hemostat. It is then 
possible to determine the difference in length hetween two 
adjacent free edges. The simplest technique is to shorten the 
elongated edge by placing a double-armed 6/0 polypropylene 
suture parallel and very close to the free edge, which will 
plicate it against the adjacent aortic wall at  the level of the 
commissure. Because of the thinness of the cusp tissue, we use 
plecigets of autologous pericardium. (Reprinted with permis- 
sion.:ji) 
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14 (:lisp resection. In cases in which the amount of free-edge elongation and cusp l)otly sagging is 
important, (wsp resection is the preferred alternative. A triangle of leaflet tissue is resected with its 
haw cnrrespontting to the free edge anti its apex towards the leaflet hase. ‘ l i t  determine the width of  
the hasr, and therefore, the amount of free-edge shortening, a suture that holds togcthvr tht. t h r w  
noduli of Arantiiis is p a w d ,  as ciescrihed previously. While the assistant holds this suture, the 
surgeon holds the elongated edge with two forceps placed on either side of the nodule and, hy pulling 
tht, f o r c c p  togtither, the surgeon can determine the amount of redundant tissue (ie, the length of the 
hase of t h r  triangle to be resec-trcl). With the scalpel, two incisions are made, beginning at  tht. edgt. 
and joining a Ft.w millimeters from the 1)ase of  the cusp. The edges are  then joined with interrupted 
6/0 si i t i i res.  A s  in the case o f  patch closure of a perforation, continuous running sutures tend to 
shorten the length o f  th r  suture. 
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I5 Cusp rxtension. (A )  Container and pericardium. (B) Cusp’s shapes. 
Before opening the prricartlial cavity, the anterior surface of the pericar- 
tliuni is c.1eane.d of the niediastinal tissues by hlunt dissection. A rectangle of 
peric*ardium, extending from its reflection to the great vessels to the 
tiiaphragm, is prepared. The width of the pericartlial strip must be at least 
twice the diamett:r of the aortic valve annulus (measured by PD-echo), and its 
It-ngth must be three times the aortic diameter plus 3 cm. The pericardium is 
opened at  its rt4lec:tion with the grest vessels placing a hemostat at  each 
extremity. From these points, the pericardium is cut down obliquely toward 
the apex of the heart for the required length and  held with two hemostats. 
The left pleural cavity, if proprrly dissected, should remain unopened. The 
pericartiium is placwi on a wet towel held hy the foiir hemostats and further 
stripped of  tissue on  its mediastinal surfave. Once c.leaned, it is placvd in a 
c*orttaintlr that has three cwnsecutive hulges of the appropriate size correspond- 
ing t o  the measured aortic. annulus. The pericardium is plactvl so that its 
niesothelial surfare lies in contact with the container; therefore, once 
insertid, it will be on the outflow, or aortic, aspect of the valve, whereas the 
iiiediastirial will be on the inflow, o r  ventricular, surface of the valve. The 
pericartliiim is held in position with a perforated sheath of the same 
clinicwsions a s  a negative of the hulges. The container is filled with 0.5% 
huffwed glutaraldehycie (Tahle 1) and kept at  room temperature for 10 
niinutths. The pericarclium is then removed and  rinsed in a t  least three 
separate I)owls for 5 minutes. 
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16 Pcricar(1ial cusp 
extension. Thc p r i r a r -  
tliiim is trinime(l down 
along the lines marked b y  
the rontainer. It is h e l p  
fill to mark with a pen the 
lowest point of tsvery i ' i i s p  
ant1 the lowc*+t point of 
each comtnissiirc.. (Re- 
printed with permission. 1-5) 
17 Cusp extension. The thic.kened free 
edge is resected until only plial)le tissue is 
left (insert). 'l'his resection should Iwgin at 
the worst leaflet l)ec-ause thc other two cusps 
must be trimmed tiown to leave equal 
amounts of tissue in all three cusps. Al- 
though it is theoretically possible to perform 
different degrees of cusp extension, award- 
ing to the quality of each ci isp,  the possihil- 
ity of ending with a distorted valve is much 
higher than if similar dimensions are used 
for all three cusps. 
If one o r  more c-iisps are  calcified, the 
valve is excised in toto and its base is cleared 
of calcium with rongtwrs. The aim is to 
obtain a clean aortic annuhis in which 
sutures can tw passed. Noncal(*ified hut 
very fihrotir valves should also he ('om- 
pletely excised to avoid resitliial strnosis. 
Depending on the amount of It.aflet tissue 
left, the autologous pr icard i i im should Iw 
trimmed clown. In general, unless a large 
amount of  tissue has Ilern left, the estalb- 
lishtd tlimtwsions arc not modified. The three c:ommissures a re  then identified and marked with a suture passed on the aortic. 
wall. tied and cut long, 6 to 7 mni above each cwmmissiire. These three stitches will he used as markers or  reference points when 
constructing tliv nt-w conimissures and will be removed afterward. Care must he taken to orient the stitches in the same 
direction as the prolongation of the natural cwnimissnres to avoid malalignment of the new conimissures. 
The pericarciirim is placed on a wet towel opposite the surgeon with its mesothelial surface upward and its convexity towards 
the surgeon. Three 4/0 cioul)le-entled polypropylene sutures a re  passed at  the lowest or mid point of each crisp remnant in the 
patient and held with rubber-protected mosquitoes. (Reprinted with permission.4s) 
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18 Cusp extension. The three sutures 
placed at  the lowest point of each cusp 
remnant are passed through the lowest or 
mid point of each pericardial cusp. These 
sutures must he passed in such a manner 
that, when tied, the knot is not on the 
ventricular, hut on the aortic, aspect of the 
valve (insert). The sutures should be passed 
so that the pericardial cusp lying on the 
towel to the left of the surgeon corresponds 
with the left coronary cusp of the patient, 
the central pericardial cusp corresponds 
with the noncoronary, and the pericardial 
cusp to the right of the surgeon corresponds 
with the right coronary cusp remnant of the 
patient. Two 4/0 commissural sutures are 
then passed through the lowest point of the 
commissures of the pericardial strip (pen- 
marked) and through the aortic wall at the 
level of the two noncoronary commissures of 
the patient. At that moment, no such suture 
is passed a t  the commissure between the 
right and  left coronary cusp remnants of the 
patient (insert). All five sutures, held with 
ruhher-protected mosquitoes, are kept tense 
while the pericardial strip is lowered into 
position. The three midpoint sutures a re  then tied, keeping both arms of the suture the same length. The two commissural 
sutures that a re  lying outside the aorta a re  passed through pledgets and  kept untied, but under tension. The third commissural 
stitch is then passed through both pen-marked ends of the pericardial strip and  the aortic wall at  the level of the commissure 
between the right and left cusp remnants and held tight after passing through a pledget (outside the aorta). It is better to keep 
the three commissural sutures untied hecause it makes the next step of the procedure easier, which consists of running one of the 
arms of the tied suture over and  over from the lowest point of the left cusp remnant u p  toward the commissure between the left 
and the noncoronary cusp. Often, because of the disparity hetween the length of the pericardium and the aortic annulus, a 
larger bite has to be taken in the pericardium than in the aortic annulus. During this stage of the operation, the advantage of not 
having tied the commissural sutures becomes apparent; it allows for moving the pericardium away from the nearest commissure 
and observing the ventricular aspect of the line of suture, which avoids the possibility of inadvertently catching the next 
pericardial cusp. This is particularly important in patients with a very small annulus (eg, 17 mm), in which the pericardium, 
even if pushed down into the left ventricle, tends to crumple into the operating field. Once this running suture has reached the 
conimissure, it is brought out through the aortic wall and  kept until the running suture from the midpoint of the noncoronary 
cusp has also reached the commissure and  has been brought out through the aortic wall. These two running sutures a re  tied to 
each other over a pledget outside the aorta. A similar procedure is followed for the other four running sutures, which a re  also 
tied outside the aorta,  at the level of the other two commissures. (Reprinted with p e r m i s ~ i o n . ~ ~ )  
TABLE 1. Solution for Tanning Pericardium: 
Buffered 0.5% Glutaraldehyde 
Composition 
Glutaraldehyde 25% (electron microscopy grade), 8 mL 
Sodium barbiturate powder 2.47 g, sterile water, QS 400 mL 
Dissolve 2.47 g sodium barbiturate in 350 mL sterile water and adjust 
Add 8 mL glutaraldehyde 25% to sodium barbiturate solution 
Adjust pH to 7.4 with 0.1 M HCI 
Sterilize by filtration with 0.22 filter 
Expiration date 
Two weeks 
Instructions 
pH to 7.5 
Abbreviation: QS, sufficient quantity. 
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19 Ciisp extension. The next step is the construction of the new commissures. The three 
c*ommissural sutures a re  tied outside the aorta; one a rm of each is cut and the other hrought 
back into the lumen. This suture is run  upward toward the previously placed markers, taking 
the commissural area of th r  pericardium and the aortic wall. Once it reaches the apex of the 
pericardium, it is exteriorized and  kept. At the commissure between the right and left cusps, 
this running suture must ohviously take the two separate ends of the pericardial strip. 
Finally, three new vertical “U” stitiches a re  passed from the ventricular aspect of the 
pericardium a t  its highest point, and  through the aortic wall. These sutures a re  then tied over 
plvdgrts (outside the aorta) anti one of its arms a re  used to tie each of the new commissural 
running sutures (insert). With this technique, all knots a re  outside the aorta to avoid damaging 
the pericardium. (Reprinted with permission.4s) 
COMMENTS 
Recwnstructive surgery of the aortic valve is very 
similar to mitral repair in terms of its advantages, 
disadvantages, and the need for a change in attitude of 
the surgeon and cardiologist. Its indications and limita- 
tions are also different from valve replacement. The 
main advantage of reconstruction is that anticoagula- 
tion is not neetltxl. To date, no patient with an isolated 
rrcwnstructecl aortic: valve has presented an embolic 
event. The main disadvantage is that a certain degree of 
cIinic-al and surgical judgment is required to intlividu- 
ally analyze each valve and that immediate competence 
cannot  he guaranteed, as is the case with a prosthesis. 
The indications and limitations of this surgery are 
hetter discussed after an analysis of the results obtained 
s o  far with these techniques, which fall under two 
distinct tlifferent categories. Those patients judged to 
have enough good valvular tissue underwent a variety 
of techniques directed toward achieving competence 
without the use of any extravalvular tissue. These 
techniques, grouped under the heading of LLrepair,” 
should he taken as a whole hecause usually each of them 
only achieves partial improvement and requires rein- 
forcement hy other maneuvers. A review of the long- 
term results obtained in a group of 50 patients who 
underwent operation with these techniques between 
1974 and 1986 showed a 13-year actuarial survival of 
86% and only four reoperations caused hy severe aortic 
dy~function.~’ A recent review of those patients who 
were operated on with these techniques hetween July 
1988 and March 1995 in Saudi Arahia41 showed a 
hospital mortality of 9 patients out of 254 (3.5%). 
Rheumatic origin was present in 48% of the cases and 
concomitant mitral surgery was performed on 117 
patients (4670)~ 77% of them being repaired. Late 
mortality occurred in eight patients with an actuarial 
survival of 91% and no thromboembolic events. Forty- 
three patients, all with rheumatic pathology, required 
reoperation (17.5?70), primarily hecause of failure of the 
mitral repair, which is very frequent in the young 
r h e u m a t i ~ . ~ ~  However, when the rate of reoperations 
was related with the preoperative degrec: of aortic 
regurgitation, it was obvious that those patients with a 
severe insufficiency preoperatively had a higher rate of 
28 CARLOS M.G. DURAN 
failure. This point highlights the main limitation of the 
repair techniques. As in the mitral area, the main 
limitation is the amount of tissue available for repair. 
The main indication for the described techniques is 
either the prolapsing bicuspid valve or  those regurgita- 
tions concomitant with another pathology, such as 
mitral or  coronary, which present a difficult surgical 
decision. The surgeon is reluctant to replace a valve 
without severe insufficiency, but is also uncomfortable 
when ignoring it. The described techniques, because of 
their simplicity, represent a valid alternative. 
On the other hand, cusp extension is technically more 
demanding, but can address most aortic pathologies. In 
fact, the extreme type of cusp extension is total valve 
replacement with free-hand p e r i c a r d i ~ m . ~ ~  Two ques- 
tions must be addressed when considering this ap- 
proach. The first is the need for a standard surgical 
technique that ensures a correct, reproducible, and 
safe result in terms of immediate competence. The 
second is the long-term durability of the selected mate- 
rial. We recently reviewed our experience with this 
technique.“3 Between 1988 and 1994, 82 consecutive 
patients underwent reconstruction of the aortic valve 
with pericardium with a total mean follow-up of 32.3 
months (222 patient years), the first 27 with bovine and 
the subsequent 55 with autologous pericardium. Simul- 
taneously, 29 of 30 mitral valves were repaired. There 
was one in-hospital death and three late deaths with a 
total actuarial survival of 92%. No patient received 
anticoagulation and no embolic events were detected. 
Nine patients required reoperation as a result of failure 
of the mitral valve repair in four patients and severe 
aortic regurgitation in five patients. The causes of 
failure of the aortic reconstruction were endocarditis in 
two, one commissural tear at 8 months, root dilatation 
in one, and calcification of one cusp at 58 months in one 
with hovine pericardium. The actuarial freedom from 
reoperation because of aortic regurgitation at 66 months 
was 86%. There were no reoperative deaths. The four 
patients who were reoperated on for mitral dysfunction 
showed a perfectly healed and mobile pericardium. In 
one patient, the aortic reconstruction was observed at 8 
months, but was not disturbed. In another patient with 
2 (+) aortic regurgitation since operation, gne pericar- 
dial free edge was resuspended. The other two patients 
with 1 + and 2 + residual aortic regurgitation since their 
first Operation had their autologous pericardial aortic 
valve excised at 22 and 24 months. Histology showed an 
acellular stroma with conserved collagen fibers par- 
tially covered with neo-intima. Echocardiographic fol- 
low-up of these patients has not shown a significant 
change in gradients or  residual r e g ~ r g i t a t i o n . ~ ~  These 
midterm results are encouraging and are probably 
superior to the best bioprosthesis because of the lack of 
antigenicity of the autologous pericardiumM and the 
reduced mechanical stress secondary to the absence of a 
stent. In addition, because of the low thrombogenicity 
and residual gradients, this technique might be best 
indicated in the older patient with a small aortic 
annulus and calcific stenosis. 
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